Background The data on the prevalence of recurrent spontaneous miscarriage (RSM) in India are scarce. This study aimed to determine the prevalence of RSM in Indian females. Methods Female patients aged between 18 and 45 years with history of at least one spontaneous miscarriage were enrolled in the study. The probability of a subsequent miscarriage after the first, second, and third miscarriage was determined. The prevalence of RSM (defined as loss of C3 pregnancies of B20 weeks gestation each) between different age groups was compared using v 2 test. Binary logistic regression analysis was applied to determine any association between RSM and the presence of risk factors. Results Of the 2398 patients screened for eligibility, 767 (32 %) had a history of at least one spontaneous miscarriage. The prevalence of RSM among the 753 enrolled patients who satisfied the eligibility criteria in the study was 7.46 %. RSM was mostly recorded in the age group of C33 years (14.68 %, n = 32). In patients with RSM, the second and third miscarriages were more prevalent during 7th week to end of 11th week of gestation. The probability of having a subsequent miscarriage after the first, second, and third miscarriage was 0.25, 0.34, and 0.22, respectively. There was a significant association (p \ 0.05) between RSM and clotting disorders, immunological factors, infections, and genetic disorders. 
Introduction
Miscarriage is defined as spontaneous abortion without medical or mechanical means to terminate a pregnancy before the fetus is sufficiently developed to survive. In other words, miscarriage is early pregnancy loss before 20th week of gestation, or 139 days, counting from the first day of the last normal menses [1] . Approximately 15 % of all clinically recognized pregnancies result in spontaneous loss and many pregnancies are lost before a woman realizes that she is pregnant.
Recurrent spontaneous miscarriage (RSM) is defined as three or more clinically recognized pregnancy losses prior to 20 weeks of gestation from the last menstrual period. It affects 1-2 % of women [2] . The reported possible etiology of RSM includes genetic factors, uterine anatomical defects, infection, endocrine, and immunological factors. Maternal age and the number of prior spontaneous miscarriages are also associated with recurrent miscarriages [3] . The risk of subsequent miscarriage after the first two and three pregnancy losses is 30 and 33 %, respectively, in women without a history of live birth [2] .
The current data on the prevalence of recurrent miscarriages in Indian women are scarce. Hence, this study was undertaken to determine the prevalence of RSM of B20 weeks of gestation among the Indian females.
Methods

Study Participants
Female patients aged between 18 and 45 years with a history of at least one spontaneous miscarriage of B20 weeks of gestation and willing to sign the patient authorization form were included in the study.
Study Sites
Outpatient gynecology and obstetrics clinics were selected from five major cities (Bengaluru, Delhi, Ahmedabad, Kolkata, and Mumbai) across India. Each study site obtained approval from their respective Institutional Ethics Committee before study initiation.
Study Design
This was a cross-sectional, multicenter, and outpatient clinic-based epidemiological study. The patients visiting the clinic for a routine clinical visit were screened to obtain information on eligibility and availability of data. The investigator discussed the study with eligible patients and recruited those willing to sign the patient authorization form. Each enrolled patient was identified by a unique patient identification number to maintain patient confidentiality. The information regarding patient demography; systolic and diastolic measurements; medical history; associated risk factors or conditions that may affect the outcome of pregnancy; menstrual, gynecological and obstetric history; and observations of gynecological examination was recorded. No follow-up visit or any interventions were undertaken in this study.
Outcome Measures
Primary study outcome was the prevalence (%) of female patients with RSM (defined as C3 consecutive pregnancy losses of B20 weeks of gestation each) among the enrolled patients. Secondary study outcome included comparison of age-specific miscarriages in patients with \3 and C3 spontaneous miscarriages of B20 weeks of gestation; probability of a subsequent miscarriage after the first miscarriage; and the association between RSM and known risk factors.
The risk factors assessed for association with RSM were uterine anomalies (septate uterus, uni/bicornuate uterus, leiomyoma, cervical insufficiency); clotting disorders [Factor V Leiden, Plasminogen activator inhibitor-1, prothrombin gene mutation, antiphospholipid syndrome (APS), Von Willebrand disease, idiopathic thrombocytopenic purpura]; endocrine disorders [Cushing's syndrome, polycystic ovarian disorder (PCOD), diabetes, thyroid]; infections (TORCH [toxoplasmosis, other {syphilis, varicella-zoster, parvovirus B19}, rubella, cytomegalovirus, and herpes infection], Listeria monocytogenes); immunological factors (antiphospholipid antibody, hemophilia); genetic disorders (chromosomal abnormality, Down's syndrome); and other general risk factors (smoking, drugs, alcohol consumption, uterine injury).
Gynecological examination included observation of the vulva, vagina, cervix, uterus, and adnexa of uterus as conducted by the obstetrician or gynecologist.
Analysis
All data analysis was performed using SAS Ò for Windows (Version 9.2, SAS Institute, Cary, NC, USA). All continuous variables were summarized using number (N), mean, standard deviation (SD), minimum, maximum, and range (maximum-minimum) as applicable. Categorical variables were summarized using frequency and percentages. A two-sided statistical analysis was performed at 5 % level of significance (LOS), if not specified in particular. The prevalence of RSMs between age groups was compared using v 2 test. The binary logistic regression analysis model was applied to determine the association (if any) between recurrent miscarriages and the presence of an associated risk factor.
Results
Baseline Data
A total of 2398 females were screened for eligibility, of which 767 (32 %) patients had a history of at least one spontaneous miscarriage of less than and equal to 20 weeks of gestation. Of these, 755 patients meeting the inclusion criteria were selected. Two patients discontinued the study due to lack of time and 753 (31.40 %) patients were finally enrolled in the study. The demographic profile and baseline characteristics of enrolled patients are presented in Table 1 .
Primary Outcome
Of the 753 enrolled patients who satisfied the eligibility criteria, 56 (7.46 %) patients had RSM. The 95 % confidence interval for the prevalence percentage of RSM was 5.58 and 9.34.
Secondary Outcomes
Relation with Age
The prevalence rates of spontaneous miscarriages (which may or may not be recurrent) as per the age of the patient are summarized in Table 2 .
Among the enrolled patients, less than three spontaneous miscarriage (of B20 weeks of gestation) was mostly observed in the age group of 23-27 years (95.65 %, n = 220) and RSM was mostly recorded in the age group of C33 years (14.68 %, n = 32). The incidence of RSM in patients of different age groups is presented in Fig. 1 .
The mean age of patients experiencing first, second, and third miscarriage was 25.52 (±4.31), 26.39 (±4.48), and 27.92 (±5.09) years, respectively. In patients with RSMs, the first miscarriage was equally prevalent up to the end of 6th week (3.05 %, n = 23) versus 7th to the end of 11th week of gestation (3.05 %, n = 23), whereas the second and third miscarriages were more prevalent in 7th week to the end of 11th week of gestation (3.59 %, n = 27; 3.05 %, n = 23, respectively). The incidence of spontaneous miscarriage in patients with recurrent miscarriage as per the week of gestation is presented in Fig. 2 .
Probability of a Subsequent Miscarriage
The percentage of patients having a subsequent miscarriage after the first, second, and third miscarriage was 24.97, 34.04, and 21.88 %, respectively. The probability of a subsequent miscarriage after the first, second, and third miscarriage was 0.2497, 0.3404, and 0.2188, respectively, in enrolled patients. Among all the age groups, patients aged C33 years had the highest probability of subsequent miscarriage after the first (0.0850), second (0.1702), and third (0.1406) miscarriage as presented in Fig. 3 . The probability of subsequent miscarriage after the third miscarriage was 0.2143 and was highest in the age group of more than or equal to 33 years (0.1250) among the patients with RSM.
Association Between Recurrent Spontaneous Miscarriages and Risk Factors
The occurrence of RSMs was found to be associated with clotting disorders, immunological factors, infections, and genetic disorders. The detailed results are presented in Table 3 .
As shown in Table 3 , the association between RSMs and risk factors such as clotting disorders, immunological factors, infections, and genetic disorders was statistically significant at 5 % LOS. RSM was highly prevalent in patients diagnosed with APS (n = 4, 0.53 %), among clotting disorders; TORCH (n = 22, 2.93 %), among infections; antiphospholipid antibody (n = 8, 1.07 %), among immunological factors; and Down's syndrome (n = 2, 0.27 %), among genetic disorders. The association between RSM and other risk factors such as uterine anomalies, endocrine disorders, and general risk factors was not statistically significant. The medical, gynecological history, and abnormal findings in gynecological examination had no significant association with the occurrence of RSM.
Discussion
The prevalence of SM (also known as sporadic miscarriage) is more as compared to RSM [4] . The data on the prevalence of recurrent miscarriage in Indian patients are scarce. The current study examined the prevalence of RSM in Indian women.
It is estimated that 10-15 % of clinically recognized pregnancies worldwide end in a miscarriage. However, the actual rates of miscarriage might be higher as many women have very early miscarriages without ever realizing that they are pregnant [2] . The occurrence of spontaneous miscarriage in India has been reported to be around 10 % [5] . However, our study observed a much higher prevalence of spontaneous miscarriage in the Indian women (32 %).
Compared to spontaneous miscarriages, the prevalence of recurrent miscarriages is much lower [2] . The prevalence of recurrent pregnancy losses including only clinical miscarriages occurring before 21 weeks of gestation (where clinical evidence of pregnancy existed) is 0.8-1.4 %. However, the prevalence of RSM is high if biochemical losses [as indicated by a positive urinary human chorionic gonadotropin (hCG) or a raised serum bhCG within 6 weeks of gestation] are also included, and is estimated to be as high as 2-3 % [4] . In this study, the prevalence of clinically evident RSM was as high as 7.46 % among the Indian women.
Maternal age is known to be an independent risk factor for miscarriage [6] . Indian women whose age at first birth was 31-49 years were more vulnerable for spontaneous miscarriage than those whose age at first birth was less [5] . The incidence of miscarriage is reported to be 10 % in women aged 20-24 years and 51 % in women aged 40-44 years [4] . A statistically significant association was found between age and spontaneous miscarriage in this study as well. As the age of the patients increased, the occurrence of more than or equal to three spontaneous miscarriages and probability of a subsequent miscarriage after the first, second, and third miscarriage was also increased.
The percentage of patients who had a subsequent miscarriage after the first, second, and third miscarriage in this a Data was missing for two patients study was 24.97, 34.04, and 21.88 %, respectively. These findings are well supported by some earlier studies, wherein the risk of a subsequent miscarriage after one spontaneous miscarriage was approximately 22-25 %; after two spontaneous miscarriages, the risk of another was 25 %; and after three spontaneous miscarriages, this risk was further increased to 30 % [7] . Miscarriage can be caused by environmental, genetic, anatomical, endocrine, thrombophilia, and infectious diseases [6] . Among the patients with RSM, the existence of uterine anomalies was comparatively higher (12.6 % [range from 1.8 to 37.6 %]) [8] . Our study shows that 14.29 % of Indian females with uterine anomalies had RSM (non-significant).
The range of patients with RSM tested positive for antiphospholipid antibodies varies from 8 to 42 % [8] . In our study, the APS was the major immunological risk factor associated with RSM.
The previous studies have found that in patients with recurrent miscarriage, viral infections such as cytomegalovirus, herpes virus, and parvoviruses are predominant. Bacterial infections such as Chlamydia trachomatis, Ureaplasma urealyticum, and Mycoplasma hominis, followed by bacterial vaginosis, are also associated risk factors causing recurrent miscarriage [9] . In our study, TORCH infection was found to be a significant risk factor causing RSM.
Chromosomal abnormalities contribute to 50 % of spontaneous miscarriages [10] . However, in this study, the chromosomal abnormality recorded was comparatively low which can be attributed to the absence of any diagnostic test on enrolled patients.
Thyroid disease (9.45 %), PCOD (7.72 %), and TORCH (2.93 %) were the major risk factors identified in the enrolled patients. Uterine septum (0.67 %), bicornuate uterus (0.67 %), leiomyoma (1.07 %), cervical insufficiency (1.20 %), APS (0.53 %), diabetes (0.93 %), hemophilia, and chromosomal abnormality (0.13 %) were identified in minor number of patients.
In conclusion, this study revealed a higher prevalence of RSM among the Indian women as compared to western data and this was due to the fact that only patients with a history of at least one spontaneous miscarriage of less than or equal to 20 weeks of gestation were included in the study and did not represent the general population. Increase in maternal age was associated with significant increase in spontaneous miscarriages. The first, second, and third miscarriages were more prevalent during 7th week to end of 11th week of gestation in patients with RSM. Significant association was found between RSMs and risk factors like clotting disorders, immunological factors, infections, and genetic disorders.
Thus, the finding of this epidemiological study has furnished important information regarding the prevalence of RSMs and the associated risk factors in the Indian women.
